that is to say, -ikt is the Naperian log. of i which is -0-693; then -0 693 = -Jkt; and kt = 0693 x 2 = 1-386 k is therefore 1 386, i.e. 1-386 divided by the half-amplitude-time.
that is to say, -ikt is the Naperian log. of i which is -0-693; then -0 693 = -Jkt; and kt = 0693 x 2 = 1-386 k is therefore 1 386, i.e. 1-386 divided by the half-amplitude-time.
(It may be noted that if the energy decays according to E = E O e -kt Amplitude decays a = aO e k * since Energy is proportional to the square of the amplitude.) (b) The " quotient" is k, the constant peculiar to each fork depending on the particular structure as regards material, size, weight, formation, etc., in which forks may differ, as to rate of decrement, from each other, although of the same pitch.
(c) 4 -605 is the Naperian logarithm of 100. (Vide Journ. oj Laryngology, June, 1929, vol. xliv, p. 388.) Loge patient's hearing -Loge 100 = -kT Loge patient's hearing-4 -605 = -kT Loge patient's hearing = 4*605 -kT If T is one second, then it is 4 605 -k If T is two seconds, then it is 4 -605 -2k If T is three seconds, then it is 4 - 605 -3k Hearing Aids and Hearing Tests By C. S. HALLPIKE, F.R.C.S.
ALTHOUGH the story of otology within the last thirty years has been in some ways a story of success-success in the treatment of gross infective processes of the middle ear tract and their complications-there must be few otologists wbo need to be reminded of their limitations when confronted with the average case of nonsuppurative deafness.
The otoscopic view is limited by the drum. Certain classical exercises with tuning forks may lead to some such information as Rinne -15, Schwabach +3, which, however academically interesting, has a negligible importance compared with the information already supplied by the patient that he is compelled to say "what?" some fifty times a day. When the question of relieving this state of affairs arises, the patient is told that hearing aids exist, and is encouraged to consult one or another dealer where an aid may be selected, more or less at random, to suit his taste.
There must be few otologists, if I may be allowed one more gloomy platitude, who have not regretted this somewhat ignoble state of affairs, and in introducing this subject for your discussion, I do not intend to engage you with technical details of apparatus, which, indeed, I am incompetent to do, but rather to try to deal with the questions:
Should it not be possible for otologists, by some objective assessment ot the ear's function comparable to refractions in the eye, to predict with satisfactory accuracy the type of hearing aid required ?
Secondly, to what extent are hearing aids ever likely to remedy hearing defects with the same precision that spectacles remedy most visual defects ? Now in the eye the method employed of investigating most visual defects is an analytical examination of the eye's anatomy, the cornea, vitreous and retina being in turn systematically assessed. In the ear this is impossible. Although abnormalities of the tympanic membrane may be observed, most otologists will agree that cause for wonder occurs not only that patients with certain observed imperfections of the membrane are deaf, but also that patients with as great or greater imperfections can hear so well. The same surely applies too often to the evidence supplied by that other classical exercise, inflation by a Eustachian catheter.
In the ear, then, the method of anatomical analysis is virtually impossible, and our chief hope, therefore, must lie in an analysis of function. What, firstly, is there to analyse ? The patient's complaint is of inability to understand speech, or in other words, a falling off of the ear's overall efficiency. Now, speech itself, although a complex phenomenon, can be analysed with some facility and is found to be a medley of sound waves of frequency, varying from 100 to 6,000 -per second, and there is good evidence for saying that the ability to understand speech depends upon the sensitivity of the ear for pure tones being unimpaired, certain ranges of tone sensitivity, as for example 500 to 2,000 -, being of greater relative importance than others. Granted that this is the case, also the possibility of testing accurately the hearing for pure tones, we should be able in this way to give at any rate one reason why speech is not heard properly.
The question which at once arises is whether such an audiogram in a case of deafness really gets us any further. Are we not merely proving by the aid of a diagram that the reason the patient is deaf is that he cannot hear? in other words expressing function in terms of function ? and the answer is categorically, Yes. But such I submit are the only terms in which at present one can truthfully describe many cases of deafness. What one hopes to be able to do is to describe deafness in terms of anatomy. I may well be reminded here that the Bezold tradition, upon which are based most of the functional tests used by otologists to-day, does purport to describe deafness in terms of anatomy, and I am as aware as anyone of the futility of disturbing long-established tradition, the more so as one may regard the Bezold tradition to be well founded upon facts. That is to say that the clearest cut cases of conducting deafness, as stapes ankylosis, give the Bezold triad, whereas in the clearest cut cases of nerve deafness, as in senile deafness, the reactions are entirely distinct. Satisfactory as are these clear-cut types, it is, I think, a matter of common enough experience that many cases of advanced chronic deafness occur in which Bezold's tests give very mixed results, and these cases are described uisually as being cases of mixed deafness. Here, I fear, the limits of legitimate inference are passed.
For this reason: That increased fixation of the conducting mechanism which is the physical basis of the Bezold triad is not of necessity the only possible result of middle-ear affection. Other types of distortion in the direction of undue laxity, may often occur in which case the Bezold triad, if considered as an index of middle ear disease, would give negative results. The deafness in such cases must, it is often inferred by exclusion, be of the inner-ear type, or partly so. Actually the condition may be just as purely middle-ear in anatomical character as a stapes ankylosis. So far then as the Bezold triad goes, cases of deafness can only be given an anatomical basis with any satisfaction in a limited class of middle-ear disease, namely, stapes ankylosis. For a large proportion of cases of chronic deafness it will require a good deal more systematic investigation of temporal bones of accurately tested cases of deafness, before otologists can feel justified in describing these cases in fundamental terms of anatomy. In the meanwhile I cannot help thinking that otologists would be wiser to consider deafness more in terms of functional tests, and of the functional tests at our disposal the most important is the so-called pure tone audiogram.
Two considerations support this statement. Firstly, that the pure tone audiogram bears a fairly constant and intelligible and often illuminating relationship to the FEB.-OTOL. 2 * overall performance of the ear in dealing with speech. Secondly, that it forms a promising basis from which some accuracy and intelligence in the construction and prescription of hearing aids may be expected to arise. As regards the co-relation of hearing for speech and pure tones, we have to realize a priori that there exist important differences between the experimental conditions which obtain during pure tone tests and listening to ordinary conversation. In listening to pure tones the stimulus is more or less prolonged and the time factor negligible.
In listening to speech a rapid succession of sound waves fall upon the ear and are not repeated, being either heard or not heard once and for all. The time of action of the stimulus would, it may be thought, be of considerable importance. This has to do with what physiologists call the chronaxie or time strength relationship of a stimulus.
Few who have used tuning-forks for quantitative tests can, I think, have failed to notice apparent discrepancies which sometimes occur between the results of such tests and the deafness to speech. Thus most often a marked loss for speech may be present with comparatively small loss for the tuning-forks. It occurs, I think, most often with nervous adults who are anxious not to be found deaf. I believe it to be chiefly due to one of the inherent defects of tuning-fork tests, namely, that the stimulus applied is one of the dying-away variety. Workers upon threshold values with senses other than the auditory find that errors of this type are very prone to occur when the stimulus applied is of the dying-away type, and may assume large proportions.
It is important to employ stimulation rising from sub-threshold values.
Though the value of pure tone tests is open to some question, it is only fair to add that the amount of precise evidence that such factors as chronaxie period play an important part in deafness is at present small. Moreover, the published results of workers who have employed well-controlled audiometric methods longest justify the view that significant indiscrepancies between pure tone and speech tests do not occur. I should like to show on the screen a reproduction typical of results published in Harvey Fletcher's book, in which voice tests are recorded along with the pure tone audiogram (fig. 1 ).
On the whole it is justifiable to say that valuable insight into overall hearing loss for speech is provided by accurate pure tone audiograms. And that although there exist other factors, such as the chronaxie disturbance which still needs investigation, the pure tone audiogram still remains the most valuable piece of information at our disposal.
The remaining question is, how audiograms can be employed as a basis for the construction of hearing aids.
An easily understood method is to construct receiving circuits with or without amplifying valves, which have a resonance corresponding to the frequency band of the deafness. The late Mr. Wharrie introduced a method of using carbon microphones of varying degrees of hardness which had resonances in different parts of the scale. By using one or the other or a combination of these carbons, a microphone could be produced with a resonance corresponding more or less to the area of deafness.
Mr. Wharrie's published work shows that good results were obtainable by this method. The difficulty is, cf course, the'accurate fitting of the resonances of the instrument to the areas of hearing loss. If, as may be, there is a generalized loss with a small relative dip at 4,096, a carbon arrangement with a sharp peak at 4,000 will give a painful intensity at 4,000 before the neighbouring frequencies are brought up to the threshold, and so one type of distortion will be replaced by another.
Another factor which deserves consideration in the aiding of hearing is the varying effect of extraneous noise in different types of deafness. Here it may not be inapt to recall the truism that the ear does not enjoy the facility of the eye in being able to devote itself to one thing at a time. Senile types of deafness are often much disturbed by traffic noise or conversation. They are often best helped by such an apparatus as a speaking tube, which tends to exclude all but the speaker's voice. Left FIG. 2.
Right
The use of hearing aids employing bone conduction is naturally a subject of interest, owing to the large numbers of cases of deafness with comparatively good bone conduction.
The results obtained are actually often disappointing, owing possibly to the distortion resulting from varying hand pressure of the instrument upon the skull. A more primitive type of such device is the so-called acoustic fan. I wish finally to say a few words upon the interesting but obscure subject of artificial drums. It is generally stated that in cases of gross defect of the tympanic membrane, such a device as a loose pledget of cotto'n-wool introduced into the' ear in a manner not very well defined, will sometimes result in marked improvement of hearing.
A few years ago it was discovered by two American investigators, Wever and Bray, that when sound waves fell upon an intact living ear of the mammalian type electrical oscillations are set up in the ear with a frequency corresponding to -that of the sound. These oscillations can be picked up by suitable electrodes and after amplification can be heard upon a loud speaker, speech itself being in this way well reproduced.
In the course of investigating this phenomenon, Hughson and Crowe of Baltimore found that the strength of the oscillations was increased by inserting a small cottonwool plug into the niche of the round window pressing upon the secondary tympanic membrane. Hughson and Crowe considered the strength of these oscillations to be a probable index of the animal's hearing, and' argued that pressure upon the round window membrane was a method of improving hearing. I do not propose here to go into the question of what precisely this Wever and Bray phenomenon has to do with hearing beyond assuring you that the circumstantial evidence that it has a good deal is now considerable. But I should like to show you a piece of film dealing with this matter taken in the course of some investigations of the Wever and Bray effect now in progress at the Ferens Institute (fig. 2) .
In this experiment is employed a cat lightly an.esthetized with nembutal with a platinum electrode in the neighbourhood of its exposed internal ear, an indifferent electrode being placed in the muscles of the neck. The impulses picked up by the electrodes are passed through a valve amplifier and thence on to an oscillograph which traces out the amplitude and form of the electrical waves upon a piece of moving film. Into the cat's ear is passing a sound of constant intensity and of a frequency of 500 cycles per second. A small cotton-wool plug is laid in the round window niche with a fine silk thread attached by which it can be instantaneously removed.
On the left of the film can be seen the oscillations with the plug in place. The line A represents a small lamp, which is turned off at the moment of withdrawing the plug. This occurs at the point X and following the disturbance due to the withdrawal of the plug the oscillations are seen to be re-established, but are now much reduced in amplitude.
The note of inquiry which I wish to introduce concerns the possible clinical bearing of these facts. That occlusion of the round window niche may improve hearing in the human is not unknown to clinicians. BArAny's writings upon the subject are dealt with by Schaefer and Giesswein writing in Denker and Kahler's Textbook. My first personal experience of it was as Mr. Mollison's house surgeon in being encouraged to drop small beads of mercury into the niche through large perforations.
Is it at all an established principle among clinicians that success in the use of so-called " artificial drums " depends upon pressure upon the round window membrane in accordance with the facts just described?
The Use of the Audiometer By G. P. CROWDEN, M.Sc., M.R.C.S., L.R.C.P.
(Lecturer in Industrial Physiology, London School of Hygiene and Tropical Medicine) THE problems of deafness and minor impairment of the function of hearing may be studied from the points of view of clinical medicine, otology, education or national health, and it is from this last standpoint, namely that of preventive medicine, that I wish to present to you the findings of investigations with the gramophone audiometer in this country during the past four years.
In May 1929, I made inquiries at the Central London Recruiting Depot, Whitehall, as to the tests and standards of physical fitness employed by the Army, and was not a little surprised to learn from the Senior Medical Officer that the main cause of rejection of men for the Army on medical grounds was old and current middle-ear disease. Such men are unfit for service in the Army, for experience has shown that they are particularly liable to break down under the strain of traininga strain which every young man should be fit enough not only to stand, but to profit by.
Out of 49,182 men medically examined for the Army in 1927 [11, 13, 536 or 30 2% were rejected as physically unfit mainly for the reasons shown in Table I .
While 41b38 per thousand were rejected for disease of the middle ear in 1926-27, the Reports on the Health of the Army for 1930 and 1931 show an even greater rate of rejection of recruits for this condition and deafness than for previous years, the actual figures being 51-69 in 1930, and 53 97 per 1,000 examined in 1931. Moreover,
